Levels of leisure and workplace physical activity have continued to decrease in high-income countries. 1 This increase in sedentary behaviour is known to be reducing physical health, but may also be having a negative impact on the mental health of the population. 2 The majority of studies that have examined the relationship between physical activity and common mental disorders have found lower rates of depression among those who are more active. 3 However, almost all of the published research on this topic has focused exclusively on intense leisuretime physical activity such as organised sports, jogging and fitness classes. When other types of physical activity such as light leisure activity, domestic chores or workplace activity have been considered, the results have been more mixed. [4] [5] [6] [7] Even within studies focusing on leisure-time activity, the importance of exercise intensity in predicting any psychological benefits remains unclear. Although some intervention studies have suggested highintensity physical activity confers greater antidepressant effects compared with low-intensity activity, 8, 9 other interventional and observational studies have failed to demonstrate any dose-response relationship. 7, [10] [11] [12] Significant uncertainties also remain regarding the mechanisms underlying any relationship between physical activity and common mental disorders. 13 Physical activity is associated with a number of biological changes that could have an impact on mental health. A combination of human and animal experiments have demonstrated that exercise can stimulate serotonin release, 14 increase expression of neuronal growth factors such as brain-derived neurotrophic factor, 15 promote release of beta-endorphins, 16 and provoke hypothalamic-pituitary-adrenal axis stimulation. 17 These changes may have direct moodenhancing effects or may stimulate other pathways such as hippocampal neurogenesis. 18 A further purported biological mechanism that has attracted particular attention is alterations in the activity of the autonomic nervous system. 13, 19 Regular physical activity increases parasympathetic vagal activity, leading to physiological changes such as resting bradycardia. 20 Vagal nerve stimulation has been used to treat depression, although the effectiveness of this treatment and the role of cardiac vagal tone in depression remains unclear. 19 Other, less biological explanations for any association between exercise and common mental disorders focus on concepts of self-esteem, social support and perception of control and mastery. 21 Any relationship may also be bidirectional, with the symptoms of common mental disorders contributing to lower levels of physical activity. Depression is associated with a number of changes that may lead to reduced activity such as a reduction in exercise capacity, fatigue, social isolation and poor motivation. 22, 23 This study used a large (n = 40 401) population-based sample to examine the association between physical activity and common mental disorders. We aimed to test the following hypotheses: (a) whether there is an inverse relationship between leisure-time physical activity and symptoms of depression and anxiety; (b) whether there is a dose-response effect according to the intensity of physical activity such that higher-intensity activity has a stronger inverse relationship with symptoms of anxiety and depression; and (c) whether there is a similar inverse relationship between workplace physical activity and depression and anxiety. We also hoped to explore the relative importance of biological v. social factors in understanding the bidirectional relationship between physical activity and common mental disorders. In particular, to test the hypotheses that increased parasympathetic vagal tone, alterations in metabolic markers and/or increased social engagement account for any relationship between physical activity and symptoms of depression and anxiety. 
Aims
To examine the bidirectional relationship between physical activity and common mental disorders and establish the importance of context, type and intensity of activity undertaken.
Method
A clinical examination of 40 401 residents of Norway was undertaken. Participants answered questions relating to the frequency and intensity of both leisure-time and workplace activity. Depression and anxiety were measured using the Hospital Anxiety and Depression Scale (HADS). Biological and social data were also collected.
Results
There was an inverse relationship between the amount of leisure-time physical activity and case-level symptoms of depression. This cross-sectional association was only present with leisure-time (as opposed to workplace) activity and was not dependent on the intensity of activities undertaken. Higher levels of social support and social engagement were important in explaining the relationship between leisure activity and depression. Biological changes such as alterations to parasympathetic vagal tone (resting pulse) and changes to metabolic markers had a less important role.
Conclusions
Individuals who engage in regular leisure-time activity of any intensity are less likely to have symptoms of depression. The context and social benefits of exercise are important in explaining this relationship.
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inhabitants of the Nord-Trøndelag County aged 20-89 years (n = 92 936) were invited to a clinical examination as part of a general health screening. The overall objectives, methods and contents of the HUNT-2 study have been described in detail elsewhere. 24 
Measurement of physical activity
All participants were asked how often they engaged in both light and intense leisure-time physical activity. Light activity was defined as an activity that did not lead to being sweaty or out of breath, while intense activity was any leisure-time activity that did result in sweating or breathlessness. Participants were given four options for each question: none, less than 1 h per week, 1-2 h per week or 3 h or more per week. They were also asked about how physically active they were at work. Participants were given four options in relation to their work activity: mostly sedentary, required to walk a lot, walk and lift a lot, or intense physical work. A number of examples were given to help define each of these categories.
Assessment of depression and anxiety
All participants were asked to complete the Hospital Anxiety and Depression Scale (HADS). 25 The HADS is a self-report questionnaire comprising 14 four-point Likert-scaled items covering anxiety and depression over the past 2 weeks. It was designed to avoid false-positive cases among individuals with somatic illness. It contains no questions on somatic symptoms, sleep or appetite disturbance, focusing instead on the psychological and cognitive symptoms relevant to the two disorders. A cut-off score of 8 in each subscale has been found to be optimal for case finding, with sensitivity and specificity estimates of about 0.80. 26 
Mediating and confounding variables
A wide range of potential confounding or mediating factors were also considered. Based on existing knowledge, a conceptual hierarchical framework was constructed to demonstrate how each of these factors may interact with both levels of activity and risk of common mental disorder. 27 This is shown in Fig. 1 .
Socioeconomic factors
Information on participants' age, gender and marital status was obtained from the Norwegian National Population Registry. Participants were asked to record their highest completed education level, with responses coded on a three-point ordinal scale of compulsory (primary), secondary school and university. An index of social class based on individuals' current occupation was calculated according to the International EriksonGoldthorpe-Portocarero classification. 28 Participants were asked if they smoked cigarettes and were requested to complete the CAGE questionnaire (a four-question screening instrument for alcohol problems). 29 Participants were also asked how many of their immediate relatives (mother, father, sibling or child) had a mental illness.
Physical illness/disability
Many somatic diseases limit the amount of physical activity that is possible, while also independently increasing the risk of common mental disorders. 30 Therefore they are potentially an important confounder in the relationship between physical activity and common mental disorders. The number of somatic diagnoses reported by each participant (from the list of angina pectoris, myocardial infarction, asthma, cancer, diabetes, epilepsy, hypertension, arthritis, osteoporosis, respiratory disease, stroke and thyroid disease) was considered as a continuous variable in regression models. Participants were also asked to rate their level of functional impairment owing to any physical diseases (on a four-point scale: none, slightly, moderately or severely). They were also asked if their movement was limited (for any reason), and if so, to what degree.
Metabolic markers
A trained nurse obtained measurements of participants' height, weight, hip and waist circumference. This allowed participants' body mass index (BMI) and waist-hip ratio to be calculated. Both BMI and waist-hip ratio have been associated with depression, 31 suggesting that obesity may be an important mediator in any relationship between physical activity and common mental disorders. Non-fasting blood samples were also taken and analysed to measure total cholesterol, triglyceride and glucose levels. Each of these is known to alter according to levels of physical activity and to be associated with common mental disorders. 30, 32, 33 Measurement of autonomic nervous system activity Clinically trained nurses or technicians measured participants' blood pressure and heart rate on three occasions. The first measurement was taken after the participant had been seated for 2 min, with subsequent measurements occurring at 1 min intervals. The mean value of the second and third pulse measurement was considered to be the resting heart rate. The exact mechanism for exercise-induced bradycardia has been the subject of some debate, although there is reasonable evidence to suggest it is due to increased parasympathetic vagal tone. 20 The use of resting heart rate as a measure of autonomic nervous system activity is further supported by studies showing a close association between resting pulse and more validated measures of autonomic function such as respiratory sinus arrhythmia and baroreflex sensitivity. 34 
Level of social support
The extent of the individual's social network and support was assessed via two separate questions. Participants were asked 'How many good friends do you have?' with the instruction to only count those who they could confidentially talk to and who would help them when they were in need. They were also asked how often they took part in social activities. The estimated number of friends was considered as a continuous variable, and the frequency of social activities was recorded on a four-point scale (never or only a few times a year, once a week, once or twice a month, or more than once a week).
Statistical analysis
The sample used in this analysis was selected on the basis of participants having answered both questions on leisure-time physical activity and the full HADS questionnaire. The associations between different types of physical activity and both depression and anxiety was assessed using multivariate logistic regression with competing risk analysis. The following factors were entered as covariates: age, gender, family history of mental illness, current social class, education, marriage status, cigarette use, alcohol problems, somatic diagnoses and subjective impairment owing to physical illness. The relative confounding effect of each of these variables was examined. Interactions by gender and age were tested for using maximum likelihood. Although age was entered as a continuous variable in the main multivariable models, age tertiles were used when examining for interactions. Alterations to metabolic markers (BMI, waist-hip ratio, glucose, cholesterol and triglyceride levels), vagal tone (measured by resting pulse) and measures of social engagement and support were hypothesised a priori to be more likely mediating than confounding factors. The effect of including these factors in each model was therefore examined separately. All analyses were conducted using STATA version 10.1 statistical software for Windows.
Ethics
The HUNT-2 study was approved by the National Data Inspectorate and the Board of Research Ethics in Health Region IV of Norway. All participants gave their informed consent to participate in this study.
Results

Description of the sample
Of the 92 936 individuals invited to participate in HUNT-2, 66 140 (71.2%) participated in some way. The representativeness of the sample and the main reasons for non-participation have been described in a previous paper. 35 Rates of participation were lowest among men, young adults and the elderly. 35 Of the 66 140 residents who participated, 41 668 (63.0%) answered questions on both light and intense leisure-time activity. Those who only answered the question of intense activity (n = 3778, 6.2%) tended to be more active than those who answered both questions (P50.001). However, levels of common mental disorders among those who answered one question compared with those who answered both questions on physical activity were very similar (20.3% v. 19.7%). In order to allow comparisons between different types of activity, analyses presented in this paper will focus on those individuals who answered both questions on leisure-time physical activity.
Of the 41 668 individuals who answered both exercise questions, 40 401 (97.0%) completed a HADS questionnaire and form the sample for this paper. Case-level symptoms of depression were reported in 4080 (10.1%) individuals, case-level symptoms of anxiety in 6129 (15.2%), and comorbid depression and anxiety in 2258 (5.6%) individuals.
The sociodemographics of the sample used in this study are described in Table 1 . Only individuals currently in employment were able to answer the questions relating to their workplace physical activity. The number of individuals reporting different levels of physical activity is also displayed in Table 1 .
Physical activity and common mental disorders
The prevalence of common mental disorders according to the amount of physical activity reported is shown in Fig. 2 . Individuals who engage in more light and intense leisure activities have lower rates of case-level depression and comorbid depression and anxiety. Individuals who engage in lighter leisure-time physical activities also have a slightly lower prevalence of case-level anxiety. These associations are also demonstrated in the logistic regression models summarised in Table 2 . The odds ratios shown in this table once again demonstrate the inverse relationship between light and intense physical activity and depression, both with and without comorbid anxiety (P50.001). These associations remained even after accounting for the effects of age, gender, family history of mental illness, current social class, education, marriage status, cigarette use, alcohol problems, somatic diagnoses and subjective impairment owing to physical illness. The covariates with the most confounding effect in the relationship between leisure activity and case-level depression were subjective impairment owing to physical illness, lower social class and lower educational attainment. There was no association between intense leisure-time activity and anxiety, although a negative association with relatively small effect sizes is present between light leisure activity and anxiety (P = 0.003). There is no evidence of any linear association between workplace activity and either depression or anxiety. There is an increased level of depression symptoms among those undertaking intense physical work, although the strength of this association was substantially reduced once the effect of other covariates (in particular socioeconomic status and education) were accounted for.
Of the eighteen different interactions tested for (age and gender for all permutations between light leisure, intense leisure and workplace activity and depression, anxiety and comorbid depression and anxiety), three reached statistical significance: interaction by age (P = 0.002) and gender (P = 0.0001) in the association between light leisure activity and depression, and an interaction by gender (P = 0.01) in the association between light leisure activity and comorbid anxiety and depression. These associations were re-examined stratified by both age (tertiles) and gender (not shown). This demonstrated only a minor difference in effect sizes between different strata, with no overall differences in the pattern of associations seen.
To examine the associations between activity levels and symptoms of depression in more detail, all cases of depression, both with and without comorbid anxiety, were combined. The adjusted odds ratio for case-level depression according to different levels of physical activity is displayed in Fig. 3 . Although there is a clear dose-response effect in terms of overall time of activity reported, the intensity of leisure activity (light v. intense) does not appear to be important, with similar effect sizes seen for both categories. The differences between leisure-time physical activity and physical activity in the workplace is once again demonstrated.
Possible mediating factors
Three categories of factors had been identified a priori as possible mediators in any relationship between physical activity and common mental disorders: alterations in metabolic markers, changes to parasympathetic vagal tone and fluctuations in levels of social support. In the second phase of this study we focused on the possible role that each of these factors may play in the relationship that had been identified between leisure-time physical activity and depression. Associations between both light and intense physical activity and each of these factors were confirmed using linear regression (P50.001 for all associations, data not shown). Associations between each group of potential mediating variables and depression were also demonstrated (P50.05 for all associations except glucose and depression (P = 0.16), data not shown). Table 3 demonstrates how the addition of each group of potential mediating factors alters the associations between leisure-time physical activity and depression. The addition of metabolic markers or resting heart rate (a measure of vagal tone) to multivariate models had virtually no impact on the relationship between leisure activity and depression, suggesting that neither vagal tone (as measured by resting heart rate) nor metabolic markers mediate this relationship. In contrast, the addition of social factors (number of friends and social activities) as covariates reduced the observed effect sizes moderately, suggesting social support is a potential factor in understanding why leisure-time physical activity is associated with lower levels of depression.
Discussion
Key findings
Using a large community-based sample we revealed an inverse association between the amount of leisure-time physical activity and depression. Individuals who reported no leisure-time physical activity were more likely than active individuals to have case-level symptoms of depression. This association was only present with leisure-time (as opposed to workplace) activity and was not dependent on the intensity of the activity undertaken. We found evidence that social factors such as social support and social engagement may partially explain this relationship. We did not find any evidence that biological changes associated with exercise such as alterations to parasympathetic vagal tone and metabolic markers could account for the association between physical activity and lower levels of depression. Our findings in relation to anxiety were more mixed. There was evidence that regular light leisure activity was associated with lower reporting of anxiety, but the size of this effect was relatively small and similar associations were not seen with intense activity. Workplace activity was not associated with levels of anxiety.
Strengths and limitations
The large size of this community-based sample and detailed information available on both biological and social factors are key strengths of this study. Previous studies have tended to focus only on intense leisure-time physical activity such as sport or organised training despite evidence suggesting that such activities make up only a small proportion of total energy expenditure. 36 Our inclusion of light leisure activity (physical activity not resulting in sweating or breathlessness) and workplace-based physical activity is therefore an important feature of this study.
The main limitations of our study are its reliance on selfreported activity levels and the cross-sectional nature of our data collection. We are not able to make any firm conclusions on the direction of causation in any of the associations described as it is likely that there may be some reverse causation. For example, individuals with depression may be more socially isolated and less motivated to engage in physical activity. There may also be 'up stream' factors present from a young age such as personality and temperament, which independently influence levels of physical activity and risk of common mental disorders. Although the use of a validated outcome measure such as the HADS is an All odds ratios (with 95% confidence intervals) compare with most active group for that type of activity and are adjusted for age, gender, family history of mental illness, current social class, education, marriage status, cigarette use, alcohol problems, somatic diagnoses and subjective impairment owing to physical illness. a. For light and intense leisure activity 'low' = less than 1 h/week, 'medium' = 1-2 h per week and 'high' = 3 h or more/week. For workplace activity 'none' = sedentary, 'low' = a lot of walking, 'medium' = walk and lift a lot, and 'high' = heavy physical work. important strength of this study, the operationalisation of depression and anxiety via a self-report screening tool gives rise to additional limitations. The HADS cannot provide a clinical diagnosis of either depression or anxiety and may misclassify those whose mental disorder presents with prominent somatic symptoms. However, published reviews have concluded that the HADS performs at least as well as other more comprehensive assessments in identifying symptoms of anxiety disorders and depression, 26 and better than the clinical global impression of general practitioners. 37 In addition, the focus on cognitive and psychological symptoms of mental disorders should have reduced the confounding from symptoms independently associated with physical activity such as poor energy levels and sleep disturbance. Finally, the sample used in this study was drawn from the population of Nord-Trøndelag County of Norway in the late 1990s. This area is mostly rural where individuals may be more likely to be active and engaged in outdoor pursuits than those who live in more urban environments. Such concerns may limit the generalisability of our findings. However, the reported levels of physical activity within our sample are very similar to previous estimates in other high-income countries. 2 Norway also has longer and colder winters than many countries; however, the popularity of both winter and summer sporting activities suggests that levels of activity should remain relatively constant throughout the year, and therefore seasonal factors should not be a major concern in this sample.
The importance of context
These results provide further strong evidence for an inverse association between physical activity and depression. Regular exercise, undertaken as a leisure-time activity, is associated with lower levels of case-level depression. However, no such association was seen with activity in the workplace. Only two other studies have examined the association between workplace-based physical activity and depression, and both also failed to find any significant associations. 4, 5 Given the size of our sample it is unlikely that the lack of an association with workplace activity was due to type 2 error. Therefore, we propose four possible explanations for why leisure activity but not workplace activity is associated with lower levels of depression. First, there may be residual confounding in one of the models. For example, unmeasured workplace or social factors associated with manual occupations (e.g. uncomfortable work conditions or poor remuneration) may independently increase the risk of depression, thereby confounding any association between workplace activity and depression. Second, workplace activity may be less physically intensive than leisure activities and may not produce the same physiological benefits. Third, there may be varying degrees of reverse causation operating, with depression more likely to result in lower levels of leisure activity than any alteration in workplace activity, although previous prospective studies suggest this is unlikely to explain all of the associations observed. 5 Finally, and perhaps most compellingly, it may be that the context of physical activity is important. Leisure activities are different from non-recreational activities because of the associated enjoyment and social contact. Therefore, the 'leisure' component of leisure activities may be the most important factor in defining the association with common mental disorders. This conclusion is in keeping with findings from a recent twin study, which found that regular exercise was associated with reduced symptoms of mental disorders, but that exercise itself did not seem to be the causal factor in the relationship. 38 Biological v. social models Numerous biological models have been proposed as explanations for the link between exercise and depression. 14, 18, 19 Given the nature of our data we were limited in our ability to directly test models of causation. However, we were able to investigate whether increased parasympathetic vagal tone or changes in metabolism could potentially be mediators in the associations between physical activity and depression. We did not find any evidence to support these hypotheses. Other methods of measuring vagal tone such as heart rate variability are usually considered as purer measures than resting heart rate. One study has measured heart rate variability in a group of individuals (n = 40) before and after randomised withdrawal of regular exercise. 39 Although exercise withdrawal was associated with increased negative mood, this did not appear to be mediated by any change in the heart rate variability. 39 This is consistent with our findings and suggests parasympathetic vagal tone is unlikely to be an important mediator in the association between physical activity and depression. In contrast, we did find evidence that social support and social engagement were important and could explain a considerable amount of the effect size observed. However, even after controlling for this effect there was still a significant association between leisure activities and depression, suggesting other unmeasured pathways are important. It may be that other biological systems we were not able to test are involved in the relationship between physical activity and depression, or that different causal pathways operate depending on the type of intensity of activity undertaken. The complexity of these associations is further highlighted by our observation that much of the apparent psychological benefit of physical activity is seen in those doing at least 1 h of activity each week. This is in keeping with previous studies, 3 but implies that the biological or social systems involved in this relationship can be altered by relatively low levels of activity.
Previous research on the links between physical activity and mental health has focused on the possible antidepressant effects of exercise; however, less is known about the association between exercise and anxiety. 7 When anxiety symptoms have been considered, it has often been as part of a general measure of psychopathology such as the General Health Questionnaire. 5, 6 We were able to extend beyond this approach and look at symptoms of anxiety separately. We have replicated an earlier finding of a negative association between physical activity and anxiety disorders, 40 although the effect size we describe was relatively small and this association was only seen with light leisure activity. This suggests the association between exercise and improved levels of mental health may be specific to certain symptom types.
Implications
This study demonstrates that individuals who engage in regular leisure-time activity of any intensity are less likely to have symptoms of depression. The context of any physical activity is vital, with workplace activity having no association with lower levels of common mental disorders. The social benefits associated with exercise appear to be more important than biological changes in explaining the associations between physical activity and symptoms of depression. 
